Four new triterpene glycosides, violaceusosides C (1), D (2), E (3) and G (4) have been isolated from the sea cucumber Pseudocolochirus violaceus (Cucumariidae, Dendrochirotida). Eight known glycosides, DS-holothurin A and holothurinoside A, isolated earlier from Holothuria forskalii (order Aspidochirotida); and violaceuside A, lefevreoside C, philinopside E, intercedenside B, violaceuside II and liovilloside A isolated earlier from representatives of the family Cucumariidae, order Dendrochirotida have also been found in P. violaceus. The chemical structures of the glycosides were elucidated by 2D NMR spectroscopy and mass spectrometry. Violaceusosides C (1), D (2), E (3) and G (4) have holostane-type aglycones and tetrasaccharide linear carbohydrate chains differing in the sugar composition and the number and position of sulfate groups. Violaceusosides E (3) and G (4) are characterized by the presence of a sulfate group at C-3 of the quinovose residue that is very rare among sea cucumber glycosides. Cytotoxic activities of the glycosides 1-4 against cells of the ascite form of mouse Ehrlich carcinoma and hemolytic activities against mouse erythrocytes have been studied. Violaceusosides C (1) and D (2) demonstrated moderate cytotoxic and hemolytic effects, while violaceusosides E (3) and G (4) have more powerful activities.
The sea cucumber Pseudocolochirus violaceus (=Cucumaria tricolor) (Cucumariidae, Dendrochirotida) is widely distributed in the tropical zone of the Indo West Pacific, including the South China Sea. The structures of six new triterpene glycosides from the animals collected in Chinese shallow waters have already been elucidated [1] [2] [3] . Nevertheless, we have continued the study on triterpene glycosides from this species from Vietnamese waters, because the glycosidic fraction is extremely complicated and some of its components were neither identified nor structurally elucidated.
Herein, we report the isolation and structure elucidation of four new holostane sulfated tetraosides violaceusosides C (1), D (2), E (3) and G (4) from the sea cucumber P. violaceus collected in Nha Trang Gulf, South China Sea. We have also found the known glycosides, DS-holothurin A and holothurinoside A, isolated earlier from the sea cucumber Holothuria forskalii (order Aspidochirotida) [4] ; philinopside A (=violaceusides A) and violaceuside II isolated earlier from Pseudocolochirus violaceus [1, 2] , lefevreoside C from Aslia (=Cucumaria) lefevrei [5] , philinopside E from Pentacta quadrangularis [6] , intercedenside B from Mensamaria intercedens [7] and Pseudocolochirus violaceus [3] , and liouvilloside A from the Antarctic sea cucumber Staurocucumis liouvillei [8] belonging to the family Cucumariidae, order Dendrochirotida. The concentrated in vacuo ethanolic extract of Pseudocolochirus violaceus was sequentially submitted to chromatography on a Polychrom-1 (powdered Teflon) column in 55% acetone and on a Si gel column using CHCl 3 /EtOH/H 2 O mixtures as mobile phases to yield glycosidic fractions A-G. Further separation of these fractions was achieved by HPLC on a silica-based column, semipreperative reversed phase columns, and an analytical reversed phase column to give violaceusoside C (1), violaceusoside D (2), violaceusoside E (3) violaceusoside G (4) and previously known substances, DS-holothurin A, holothurinoside A, violaceuside A, lefevreoside C, philinopside E, intercedenside B, violaceuside II and liouvilloside A.
The structures of the glycosides were elucidated by extensive analysis of its 1 H, 13 Table 1 : 13 C and 1 H NMR chemical shifts, and HMBC and ROESY correlations of the aglycone moiety of violaceusoside C (1). a Recorded at 176.04 MHz in C 5 D 5 N, multiplicity by DEPT; b Recorded at 700. 13 MHz in C 5 D 5 N. [12] , it has a 9-H-configuration.
The signals of the carbohydrate part of violaceusoside C (1) in the 13 C NMR spectrum ( Table 2 ) coincided with those of violaceuside A (=philinopside A), isolated earlier from Pseudocolochirus violaceus and Pentacta quadrangularis [1, 9] . Glycoside 1 has a tetrasaccharide linear carbohydrate chain having one sulfate group. The position of this group was deduced from the signals of C-4 and C-5 of the first xylose residue at  76.2 and 64.0, correspondingly. Thus, violaceusoside C (1) differs from violaceuside III only in the absence of a sulfate group at C-6 of a terminal 3-O-methylglucose residue that was confirmed by the signals of C-6 of this residue that was upfield shifted by  5.5 (to  61.8) and C-5 shifted downfield by  1.3 (to  77.5) in the 13 C NMR spectrum of 1 in comparison with that of violaceuside III [2] due to the absence of the shifting effects of the sulfate group.
The presence of four characteristic doublets at All these data indicate that violaceusoside
The structure of the aglycone moieties of violaceusosides D (2) and G (4) was determined by extensive NMR spectroscopy ( 13 C and 1 H NMR, 1 H-1 H COSY, HMBC, HSQC, ROESY) ( Table 3 ). The signals of the aglycone parts of glycosides 2 and 4 in the 13 C NMR spectra were identical to each other and to those of violaceusides A, B, "glycoside 1" and intercedenside B isolated earlier from Pseudocolochirus violaceus [1, 3] . The aglycone of violaceusosides D (2) and G (4) belongs to the holostane-type and contains a 7(8)double bond and 16-O-acetate group in the polycyclic nucleus and a 24(25)-double bond in the side chain. This aglycone is rather widely distributed in glycosides of representatives of the order Dendrochirotida [13] .
The signals of the carbohydrate part of violaceusoside D (2) in the 13 C NMR spectrum (Table 4 ) were similar to that of violaceusoside The positions of the interglycosidic linkages were confirmed by analysis of ROESY and HMBC spectra of the carbohydrate part of 2 ( The structure of the aglycone moiety of violaceusoside E (3) was found by extensive NMR spectroscopy ( 13 C and 1 H NMR, 1 H-1 H COSY, HMBC, HSQC, ROESY) to be identical to that of violaceusosides I and II isolated earlier from P. violaceus [2] . Violaceusoside E (3) has a holostane aglycone with a 7(8)-double bond and a keto-group at C-16 in the pentacyclic nucleus and a terminal double bond in the aglycone side chain ( Table 5 ).
The signals of the carbohydrate part of violaceusoside E (3) in the 13 C NMR spectrum ( Table 6 ) were similar to those of violaceusoside C (1). However, the signals corresponding to the quinovose residue in the spectrum of 3 differed from those in the spectrum of 1. In fact, the signals of C-3 and C-4 of the quinovose residue were observed at  81.3 and  79.1, correspondingly, in the spectrum of 3. So, they were shifted by  6.5 to the low field region and by  6.6 to the high field region, respectively, in comparison with the corresponding signals in the spectrum of violaceusoside C (1). These shifting effects were observed due to the presence of a sulfate group at C-3 of the quinovose residue in the sugar moiety of violaceusoside E (3). This conclusion was confirmed by 1D TOCSY and 2D NMR data of 3 (Table 6 ). Thus, violaceusoside E (3) differed from violaceusoside C (1) in the position of the double bond of the aglycone side chain and in the presence of an additional sulfate group in the carbohydrate moiety. The presence of four characteristic doublets at Such a carbohydrate chain sulfated at C-3 of quinovose was found earlier only in pseudostichoposide B from the sea cucumber Pseudostichopus trachus [14] , and, therefore, the presence of a sulfate group at C-3 of a quinovose residue is very unusual for a sea cucumber glycoside. 
The structure of the aglycone of violaceusoside G (4) was shown to be identical to that of violaceusoside D (2) from NMR spectral data ( Table 3 ).
The signals of the carbohydrate part of violaceusoside G (4) in the 13 C NMR spectrum ( Table 7) were similar to those of violaceusoside E (3) with the exception of the signals of the terminal 3-O-methylglucose unit; this was sulfated at C-6 in glycoside 4. This was deduced from the signals of the terminal sugar unit in the 13 C NMR spectrum of 4 at  66.9 (C-6) and  75.9 (C-5), which were shifted into the low (by  5.1) and high field (by  1.5) regions, correspondingly, compared with the signals in the spectrum of 3 due to the and -shifting effects of the sulfate group. Analysis of the NMR spectral data of the carbohydrate part of violaceuside G (4) indicated a tetrasaccharide carbohydrate chain due to the presence of four characteristic doublets at Xylose(SO 3 Na)
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Glycoside 1 [3] Hence, we have elucidated the structures of four new triterpene glycosides from Pseudocolochirus violaceus -violaceusosides C (1), D (2), E (3) and G (4), along with eight known compounds.
This animal is the first chemically studied sea cucumber species from which so many isolated earlier compounds had been identified together with new substances. Moreover, the taxonomic positions of other holothurians containing these earlier known substances are very different. For example, DS-holothurin A and holothurinoside A were isolated from the sea cucumber Holothuria forskalii belonging to the family Holothuriidae, order Aspidochirotida [4] . Another six known glycosides were isolated from representatives of different genera of the family Cucumariidae, order Dendrochirotida [5] [6] [7] [8] .
Some structural features are characteristic for the glycosides from Pseudocolochirus violaceus. The known earlier (except for DSholothurin A and holothurinoside A) and new glycosides have a certain set of aglycones possessing a 7(8)-double bond, an O-acetate group at C-16 with either a 24(25)-or 25(26)-double bond, or oxogroup at C-16 with the same double bonds in the side chain. However, the diversity of carbohydrate chains in the glycosides presented in this sea cucumber is wider than that of aglycones (Table 8 ). So, the sugar moieties differ from each other in the second (quinovose or glucose) and third (xylose or glucose) monosaccharide units, in the number of sugar units (tetra-or pentasaccharide chains) and sulfate groups (mono-, di-and trisulfated glycosides) as well as in the positions of sulfate groups.
Such a complex composition of triterpene glycosides as that of P. violaceus is usually characteristic of representatives of the family Cucumariidae, order Dendrochirotida [15] . However, this composition significantly differs from those of glycosides from sea cucumbers of the genus Cucumaria. Usually, every species of Cucumaria has a specific set of aglycones, but the structures of the carbohydrate chains are more conservative and quite characteristic for all the representatives of the genus [16] . Glycosides having the branched at the second monosaccharide unit pentasaccharide carbohydrate chains are absolutely dominant in the glycosidic fractions of sea cucumbers belonging to the genus Cucumaria [16] , while similar carbohydrate chains in saponins of Pseudocolochirus violaceus are present as only minor components. These data undoubtedly confirmed the correctness of the isolation of this species from the genus Cucumaria where it had been placed earlier [17] .
The cytotoxic activities of violaceusosides C (1), D (2), E (3) and G (4) against the ascite form of mouse Ehrlich carcinoma cells and hemolytic activity against mouse erythrocytes are given in Table 9 . Glycosides 3 and 4 demonstrated rather strong cytotoxic and hemolytic effects, whereas compounds 1 and 2 showed only moderate activities. Violaceusosides E (3) and G (4) differ from each other in their aglycone structures and by the number of sulfate groups (two sulfates in 3, three -in 4) in the sugar chains. However both 3 and 4 have a sulfate group at C-3 of a quinovose residue and xylose as their third monosaccharide unit. Violaceusoside D (2) has the same aglycone as 4, but differs by the carbohydrate chain structure. The substitution of the third xylose residue in 4 by the sulfated C-6 glucose residue, and the absence of a sulfate at C-3 on the quinovose residue of 2 caused a two-fold decrease in activity. Violaceusoside C (1) differs from violaceusoside E (3) in the position of the double bond in the aglycone side chain and in the absence of a sulfate group at C-3 of its quinovose residue; this resulted in a 3-fold decrease in the cytotoxic activity and a 4-fold decrease in the hemolytic activity of 1. The low activity of the monosulfated tetraoside, violaceusoside C (1), seems to be uncommon because it is known that the presence of a linear tetrasaccharide fragment and a sulfate group at C-4 of the first xylose residue leads to significant membranolytic effects of the glycosides [13] . However, the simultaneous presence of a 7 (8) 
Extraction and isolation:
The sea cucumbers were minced and extracted twice with refluxing 60% EtOH. The weight of the dry residue was about 63.5 g. The concentrated ethanolic extract of P. violaceus (2.6 g) was sequentially submitted to chromatography on Polychrom-1 (powdered Teflon). Elution first of the inorganic salts and impurities with H 2 O and then the glycosides with 55% acetone, followed by chromatography on Si gel columns using 
